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Abstract 
The experiment was conducted at Coconut Research Station, Balaramapuram with an 
objective to study the effect of nutrient levels and nutrient schedules on physiological 
parameters and grain yield of upland rice (MO 21- Prathyasa rice variety) intercropped in 
coconut. Field experiment was conducted in factorial randomized block design with nutri-
ent levels as first factor and nutrient schedules as second factor in three replications. 
Nutrient levels had significant effect on the physiological parameters. Among the nutrient 
levels rested, NPK applied @ 120:30:60 recorded higher total chlorophyll (2.803 mg g-1) 
and chlorophyll b content (1.508 mg g-1), crop growth rate (CGR) (11.23 g m-2 day-1) and 
relative growth rate (RGR) (0.056 g g-1 day-1) as compared to lower nutrient level tested, 
NPK @ 60:30:30 kg ha-1. Nutrient schedules also had significant effect (P=0.05) on the 
physiological parameters viz., total chlorophyll, chlorophyll a, chlorophyll b, CGR and 
RGR and the treatment receiving 0.2 per cent zinc sulphate and 0.04 per cent sodium 
borate spray at 45 DAS recorded higher chlorophyll content, RGR and CGR. Though the 
higher nutrient level, NPK @ 120:30:45 kg ha-1 recorded higher values for physiological 
parameters, it recorded the lowest grain yield. Application of NPK @ 90:30:45 kg ha-1 
recorded the highest grain yield and it was followed by NPK applied @ 70:30:35 kg ha -1. 
Among the nutrient schedules, N applied as three equal splits, P as basal and K in two 
equal splits along with foliar spray of zinc sulphate 0.2 per cent and sodium borate 0.04 
per cent at 45 DAS recorded the highest grain yield (3.25 t ha-1). The study clearly re-
vealed that excessive vegetative growth is not a desirable parameter for higher grain 
yield. 
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INTRODUCTION 
Rice provides food for more than 65 per cent of 
the people living in India and is cultivated in an 
area of 433.88 lakh ha with an annual production 
of 104.32 m t and productivity of 2404 kg ha-1 
(GOI, 2017). In the recent years the rice produc-
tion shows a declining trend. Recent research 
findings revealed that, the production potential of 
rice can be enhanced by enhancing the area un-
der upland rice rather than enhancing the area 
under transplanted rice (Alagesan and Babu, 
2011). Upland rice comes up well under the partial 
shade in coconut garden. Nearly 60-75 per cent of 
the land area and 40 per cent of the solar energy 
in 7.5 m x 7.5 m spaced coconut are left unutilized 
which provides amble scope for growing compati-
ble intercrops (Nelliat, 1979; Dhanpal, 2010).  
Nitrogen, the primary nutrient element plays a 
pivotal role in rice production. The rice growth and 
 This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © 2018: Author (s). Publishing rights @ ANSF.  
 965 
development depend solely on applied nitrogen 
(BRRI, 1997). Nitrogen is vital due to its multi-
dimensional roles in plant growth and metabolism. 
It is the integral part of chlorophyll, amino acids 
and genetic material i.e. DNA and RNA (Nawaz et 
al., 2017). Potassium plays an indispensable role 
in photosynthesis, activation of enzymes, synthe-
sis of proteins, osmotic potential and as a counter 
ion to biopolymers (Marschner, 1995). It is re-
quired by plants throughout the crop growth but 
with varying intensity, acute shortage during criti-
cal stages are detrimental to the crop growth and 
yield (Elrewainy et al., 2011). The micronutrients, 
Zn and B play a major role in various plant meta-
bolic activities.  
Nitrogen fertilization increased the chlorophyll 
content and leaf surface area resulted in in-
creased photosynthetic process (Dikshit and Pali-
wal,1989). Pramanik and Bera (2013) reported 
that total chlorophyll content gradually increased 
with the increase in N levels from zero to 200 kg 
ha-1. Abou-Khalifa (2012) reported that higher 
doses of N (165 and 220 kg ha-1) recorded higher 
chlorophyll content compared to lower doses (55 
and 111 kg ha-1. Thakur and Patel (1999) report-
ed that crop growth rate (CGR) increased with 
increase in N level. Sarkar et al. (2001) observed 
that N applied @ 150 kg ha-1 recorded higher 
CGR at all stages of observation compared to 
lower N levels (30, 60, 90 and 120 kg ha-1). How-
ever, higher relative growth rate (RGR) was rec-
orded in N level, 120 kg ha-1.  
Potassium deficiency decreases the photosynthet-
ic rate and reduces the grain yield (Ding et al., 
2006). Potassium applied @ 50 kg ha-1 recorded 
higher chlorophyll content, CGR, RGR and net 
assimilation rate (NAR) (Muthukumararaja et al., 
2009). Elrewainy et al. (2011) revealed that appli-
cation of K in three splits (50 per cent as basal 
and 25 per cent each at panicle initiation and late 
booting stage) recorded higher values of total 
chlorophyll content. Potassium application signifi-
cantly increased the chlorophyll content both un-
der aerobic and anaerobic conditions (Wakeel et 
al., 2017). 
Li et al. (1999) reported that chlorophyll content 
was significantly decreased due to Zn deficiency. 
Aravind and Prasad (2004) indicated that Zn is 
involved in chlorophyll formation through regula-
tion of nutrients homeostasis in cytoplasm.  Mus-
tafa et al. (2011) revealed that the CGR was sig-
nificantly influenced by zinc nutrition. The maxi-
mum CGR and total chlorophyll content were reg-
istered with the combined application of borax (7.5 
kg ha-1) and zinc sulphate (12.5 kg ha-1) (Sarwar 
et al., 2013).  Chlorophyll content is increased by 
the application of B and Zn (Pervaiz et al., 2012). 
Rehman et al. (2014) reported that foliar spray of 
0.16 M B and 0.24 M B recorded higher total chlo-
rophyll contents in rice varieties Super basmati 
and Shaheen basmati.  
With this background, a field experiment was con-
ducted at Coconut Research Station, Balaramapu-
ram with an objective to study the effect of nutrient 
levels and nutrient schedules on the total chloro-
phyll, chlorophyll a and b content, crop growth 
rate, relative growth rate and yield of upland rice 
(MO 21- Prathyasa rice variety) intercropped in 
coconut.  
MATERIALS AND METHODS 
Experiment was conducted at Coconut Research 
Station Balaramapuram in a coconut plantation 
planted with WCT (West Coast Tall) at a spacing 
of 7.5 x 7.5 m having more than 55 years old. The 
experimental site was located at 8° 22’ 52” North 
latitude and 77° 1’ 47” East longitude and at an 
altitude of 9 m above mean sea level. The soil 
was sandy clay loam in texture, acidic in reaction 
(soil pH 4.5), medium in organic carbon (0.75 per 
cent), high in phosphorous (27.2 kg ha-1), medium 
in potassium (128.5 kg ha-1), sufficient in Zn 
(1.120 mg kg-1 soil) and deficient in B (0.08 mg kg-
1 soil). The experiment was laid out in factorial 
RBD with two factors, the first factor comprised of 
four different nutrient levels viz., n1- NPK @ 
60:30:30 kg ha-1, n2-NPK @ 70:30:35 kg ha
-1, n3- 
NPK @ 90:30:45 kg ha-1 and n4- 120:30:60 kg ha
-1 
and the second factor comprised of four different 
nutrient schedules, viz., s1- N in three equal splits 
(at 15 DAS, active tillering and panicle initiation 
stage), P as basal and K in two equal splits (at 15 
DAS and panicle initiation stage), s2- N in three 
equal splits (at 15 DAS, active tillering and panicle 
initiation stage), P as basal and K in three equal 
splits (at 15 DAS, active tillering and panicle initia-
tion stage), s3- s1 + foliar spray of zinc sulphate at 
0.2 per cent and sodium borate at 0.04 per cent, 
s4- s2 + foliar spray of zinc sulphate at 0.2 per cent 
and sodium borate at 0.04 per cent. The variety 
used for the study was Prathyasa (MO 21), a short 
duration variety released from Rice Research Sta-
tion, Moncompu. Method of sowing adopted was 
dibbling at a spacing of 20 cm x 10 cm. Seed rate 
adopted was 80 kg ha-1. The entire dose of P was 
applied in the form of rock phosphate just before 
sowing the seeds. N and K were applied in the 
form of urea and muriate of potash as per the 
treatment schedules. Zinc sulphate and sodium 
borate were applied as the treatment schedule at 
45 DAS. Total chlorophyll content, chlorophyll a 
and b content were determined at 60 DAS as per 
the procedure suggested by Yoshida et al., 1976. 
The crop growth rate was determined at 40- 60 
DAS by the method suggested by Evans, 1972 
and crop growth rate was determined at 40-60 
DAS by the method described by Watson, 1958. 
The grain harvested from the net plot area was 
sun dried to 14 per cent moisture content, the 
grain weight was recorded and expressed in tha-1. 
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The data were analyzed statistically by using 
Analysis of Variance technique for RBD. The sig-
nificance was tested using F test and whenever, 
the F values were found significant, critical differ-
ence was calculated at 5 % probability level. 
RESULTS AND DISCUSSION 
Effect of nutrient levels and schedule of nutri-
ent application on Total chlorophyll and b con-
tent: Nutrient levels significantly influenced the 
total chlorophyll content and chlorophyll b content 
at 60 DAS but did not have any significant effect 
on chlorophyll a content (Table 1). Results re-
vealed that compared to n1 (NPK @ 60:30:30 kg 
ha-1), the other three levels i.e., NPK @ 70:30:35, 
90:30:45 and 120:30:60 kg ha-1 (n2, n3 and n4) 
recorded higher total chlorophyll, chlorophyll a 
and b. High chlorophyll content registered in the 
treatments, n2, n3 and n4 might be due to higher 
photosynthetic area resulting from higher number 
of tillers m-2. The increased rate of application of 
N and K in these treatments might have enhanced 
the N and K uptake which in turn increased the N 
and K content in leaves. N being the structural 
constituent of nucleic acid, proteins, amino acids 
and chlorophyll molecule affects the formation of 
chloroplast and accumulation of chlorophyll in 
them (Daughtry et al., 2000; Tucker, 2004). Very 
close linear relation exists between N content and 
chlorophyll content (Bojovic and Markovic, 2009). 
Hence rice crop grown on soil with sufficient 
amount of N showed a rapid vegetative growth 
with high chlorophyll content (Kumar et al., 2015).  
Pramanik and Bera (2013) observed that applica-
tion of N at higher doses recorded higher chloro-
phyll content compared to lower doses in hybrid 
rice. The Li et al. (2012) also observed 12 per 
cent increase in chlorophyll content in rice leaves, 
when rice seedlings were fed with high nitrogen.  
Potassium also plays a vital role in the synthesis 
of chlorophyll by taking part in various enzymatic 
reactions necessary for such building up process 
(Evans and Sorger, 1966). Krishnapillai and Ediri-
weera (1986) reported that the K application rate 
increased from 70 to 140 kg ha-1, the chlorophyll 
content of tea leaves was also found to increase. 
Wakeel et al. (2017) also pointed out that in aero-
bic and flooded rice the highest chlorophyll con-
tent of leaves was observed in treatment receiving 
K @ 180 kg ha-1 compared to lower dose, 90 kg 
ha-1.   
Nutrient schedules also significantly influenced 
the chlorophyll content. Among the different 
schedules, the treatments with the foliar spray of 
zinc sulphate and sodium borate (s3 and s4) rec-
orded higher chlorophyll a, b and total chlorophyll.  
Higher leaf production and tiller m-2 increased the 
chlorophyll production in these treatments. 
Samreen et al. (2013) pointed out that higher leaf 
area resulting from the increase in length and 
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breadth of the leaf of mung plant increases the 
chlorophyll production. Foliar application of Zn and 
B increased the photosynthesis and chlorophyll 
production in rice (Pervaiz et al., 2014), maize 
(Tariq et al., 2014) and in gladiolus (Fahad et al., 
2014). Though, Zn is not directly involved in chlo-
rophyll synthesis it plays a pivotal role in the avail-
ability of N and Mg, the major constituents in the 
molecular structure of chlorophyll. Ayad et al. 
(2010) reported that Zn played a crucial role in 
triggering some of the chlorophyll biosynthetic 
pathway enzymes. Mathpal et al. (2015) opined 
that Zn fertilization resulted in considerable in-
crease in total chlorophyll, chlorophyll a and b 
content in rice leaves. Boron fertilization caused 
significant enhancement in total chlorophyll con-
tent and photosynthetic rate of pea nut plant 
(Nasef et al., 2006).   
The treatment combination n3s3 (NPK @ 90:30:45 
kg ha-1 applied as N in three equal splits, P as 
basal and K in two equal splits along with foliar 
spray of 0.2 per cent zinc sulphate and 0.04 per 
cent sodium borate at 45 DAS) recorded the high-
est total chlorophyll (3.236 mg g-1), chlorophyll a 
(1.550 mg g-1) and chlorophyll b content (1.686 
mg g-1) at 60 DAS. This might be due to higher 
uptake of N, enhanced photosynthesis and also 
due to the favourable influence of Zn and B on the 
chlorophyll formation. 
Effect of nutrient levels and schedule of nutri-
ent application on relative growth rate and 
crop growth rate at 40-60 DAS: The crop growth 
rate (CGR) and relative growth (RGR) rate were 
significantly influenced by the nutrient levels 
(Table 2). It has been observed from the results 
that treatments receiving higher levels of N and K 
(n4, n3, n2) recorded higher RGR and CGR at 40-
60 DAS might be due to higher chlorophyll content 
(Table 1) and LAI which leads to more dry matter 
production. Nitrogen being the structural constitu-
ent of chlorophyll, its application increased the 
chlorophyll content and leaf surface area which in 
turn increases the crop growth rate. Potassium 
application also enhanced the leaf area and DMP 
due to the active role in photosynthesis, cell 
growth, osmotic adjustment, stomatal regulation, 
transport of photosynthates from leaf into phloem, 
transportation within the cow pea plant and also 
anion-cation balance (Motaghi and Nejad, 2014). 
Hassan et al. (2007) and Rajesh et al. (2017) re-
vealed that low levels of N reduced the photosyn-
thesis process, leaf chlorophyll content and crop 
growth rate in rice. Motaghi and Nejad (2014) in 
their studies on the effect of different levels of K 
on physiological indices of crop growth in cow pea 
plant revealed that CGR and RGR increased with 
increase in K level. Wakeel et al. (2017) pointed 
out that K applied @ 180 kg ha-1 significantly im-
proved the total biomass production of rice cultivar 
Super basmati compared to 90 kg ha-1 under aero-
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bic system of rice cultivation. 
Nutrient schedules significantly influenced the 
CGR and RGR at 40-60 DAS. The treatments with 
the foliar application of zinc sulphate and sodium 
borate recorded higher CGR and RGR values at 
40-60 DAS. The increase in CGR and RGR val-
ues observed in these treatments might be due to 
more biomass production resulting from higher 
LAI and total chlorophyll content (Table 1). Foliar 
application of Zn and B in these treatments result-
ed in higher dry matter production due to their 
active role in physiological processes like stomatal 
regulation, chlorophyll formation, enzyme activa-
tion and biochemical processes in wheat plant 
(Cakmak, 2008 and Khan et al., 2010) and in 
higher plants (Marschner, 2012). 
In the present study, the interaction between nutri-
ent levels and nutrient schedules was also found 
significant. The treatment, n4s2 (NPK @ 120:30:60 
kg ha-1 applied as N in three equal splits, P as 
basal and K in three equal splits and n4s3 (NPK @ 
120:30:60 kg ha-1 applied as N in three equal 
splits, P as basal and K in two equal splits along 
with foliar spray of 0.2 per cent zinc sulphate and 
0.04 per cent sodium borate) recorded higher 
CGR and RGR, might be due to the favourable 
influence of higher rate of N and K on the vegeta-
tive growth of rice as evidenced from data on  
chlorophyll content (Table 1).  
Effect of nutrient levels and schedule of nutri-
ent application on yield attributes and grain 
yield: Grain yield increased with incremental dose 
of N up to 90 kg N and K up to 45 kg K ha-1. How-
ever, decrease in yield was observed at further 
increase of N and K (Table 2). The nutrient level 
n3 (NPK @ 90:30:45 kg ha
-1) recorded significantly 
higher grain yield (3.00 t ha-1) compared to other 
nutrient levels and was followed by n2 (NPK @ 
70:30:35 kg ha-1). The increased grain yield ob-
served in n3 might be due to the increased availa-
bility and utilization of N and K within the plant 
resulting from the better expression of physiologi-
cal parameters (Table 1). Increased dose of N 
and K provided continuous and steady supply of 
nutrients into the soil solution to match the nutrient 
requirement of the crop which, consequently re-
sulted in the production of longer panicles with 
more number of grains panicle-1. Mahapatra and 
Panda (1972) reported that balanced fertilization 
with N, P and K was essential for higher grain 
yield in upland rice. 
Nutrient schedules significantly influenced the 
grain yield.  It has been observed that foliar spray 
of zinc sulphate and sodium borate had significant 
effect on yield.  The treatment s3 (N in three equal 
splits, K in two equal splits and P as basal along 
with foliar spray of 0.2 per cent zinc sulphate and 
0.04 per cent sodium borate at 45 DAS) recorded 
the highest grain yield and was statistically on par 
with S4 (N and K in three equal splits and P as 
basal along with foliar spray of 0.2 per cent zinc 
sulphate and 0.04 per cent sodium borate at 45 
DAS).  Better crop growth enables the crop to ab-
sorb and utilize nutrients in a better way might be 
the reason for higher grain yield in s3 and s4.  
Moreover, these treatments also have foliar spray 
of Zn and B. Both the micronutrients may have 
significant effect on grain yield by their role in 
grain setting and accumulation of carbohydrate in 
grain. Rehman et al. (2014) revealed that foliar 
nutrition of B significantly improved the grain yield 
and yield related parameters of rice.  
In the present study, the interaction effect be-
tween nutrient levels and nutrient schedules was 
also found significant (P=0.05). The treatment 
combination, n3s3 (NPK @ 120: 30: 60 kg ha
-1 ap-
plied as N in three equal splits, P as basal and K 
in two qual splits along with foliar spray of 0.2 per 
cent zinc sulphate and 0.04 per cent sodium bo-
rate at 45 DAS) recorded the highest grain yield. 
This was owing to the better expression of crop 
growth factors and yield attributes. Rahman et al. 
(2008) reported that application of Zn along with 
NPK fertilizer enhanced the grain yield of boro 
rice. Rehman et al. (2014) reported that foliar ap-
plication 0.32 M B along with recommended dose 
of NPK and Zn enhanced the grain yield of rice.  
Conclusion 
Application of higher nutrient levels registered 
higher chlorophyll content, crop growth rate and 
relative growth rate of upland rice intercropped in 
coconut. But, the highest grain yield of rice was 
registered in the treatment NPK @ 90:30:45 kg ha
-1 and it was followed by NPK @ 70:30:35 kg ha-1 
and the lowest grain yield recorded in higher nutri-
ent level, NPK @ 120: 30:60 kg ha-1. Among the 
nutrients schedules, treatment with 0.2 per cent 
zinc sulphate and 0.04 per cent sodium borate 
recorded higher chlorophyll content, CGR and 
RGR and recorded higher grain yield. Hence it 
can be concluded that, an optimum level of nutri-
ents is required for optimum crop growth and 
yield.  Excessive fertilization resulted in enhanced 
vegetative growth with-out incremental increase in 
grain yield.  Application of NPK @90:30:45kgha-1 , 
applied as N in three equal splits (at 15 DAS, ac-
tive tillering and panicle initiation), P as basal and 
K in two equal splits (at 15 DAS and panicle initia-
tion was found the optimum dose for optimum 
crop growth and higher grain yield in upland rice 
intercropped in coconut. 
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